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494a Tuesday, February 5, 2013observations. Preliminary simulations of the so-called direct, and embedded
mechanisms, with different topological variants, suggest that the latter model
has better relation with experimental data and combinations of these hypo-
thetical mechanisms could more likely account for the experimental observa-
tions. We will also aim to provide a programmatic foundation to probe
biochemical model topology, physicochemical parameter-space exploration,
and model likelihood with the goal of developing novel testable hypotheses
about the interactions among these proteins and their role in apoptosis cancer
biology.
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The b1-adrenergic signaling system plays an important role in heart function.
Activation of this system increases heart rhythm, heart contraction. It also
increases blood flow throughout the body. However, in disease, stimulation
of b1-adrenergic receptors can increase an occurrence of arrhythmias. There-
fore, comprehensive experimental study and modeling of the b1-adrenergic
signaling system in the heart is of significant importance. We developed an
experimentally-based mathematical model of b1-adrenergic regulation of the
action potential and Ca2þ dynamics in mouse ventricular myocytes. The model
includes several modules that describe biochemical reactions, electrical activ-
ity, and protein phosphorylation during activation of b1-adrenergic receptors.
The model cell consists of three major compartments: caveolae, extracaveolae,
and cytosol. Concentrations of b1-adrenergic receptors, as well as other signal-
ing molecules, vary across the different domains. In the model, b1-adrenergic
receptors are stimulated by the catecholamine isoproterenol. This leads to the
activation of the Gs-protein signaling pathway, which ultimately increases
cyclic AMP concentration and activity of protein kinase A to different degrees
in different domains. The catalytic subunit of protein kinase A phosphorylates
ion channels and Ca2þ handling proteins, leading to an increase or decrease in
their function. Dephosphorylation is performed by the protein phosphatases 1
and 2A. Our model reproduces time-dependent behavior of a number of bio-
chemical reactions and voltage-clamp data on ionic currents in mouse ventric-
ular myocytes. The model also predicts action potential prolongation as well as
an increase in intracellular Ca2þ transients dependent upon stimulation of
b1-adrenergic receptors. The accuracy of the model was tested against experi-
mental findings.
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The system biology approach has been applied to gene expression data to iden-
tify molecular mechanisms of isolated biological systems. Adapting this meth-
odology to incorporate connections between different biological systems and
extensive repositories of data can help find novel gene interactions. The devised
distributed workflow uses normalized microarray gene expression data from
which gene lists are extracted. Gene set enrichment is then applied to isolate
data points which share genetic similarity. If an enriched gene set meets the
enrichment score and p-value criteria, distributed corre-
lation algorithms are applied to build network maps
which are layered based on the time these two systems
first interacted. Gene interactions are extracted using
the network maps and given a score based on how often
two or more genes show similar interactions. using this
workflow, we have investigated the link between genes
expressed during lactation and digestion of dairy prod-
ucts. Results found that genes expressed during the
pregnancy period of the mouse (d3-d14) were also ex-
pressed after digestion of dairy products. Further inves-
tigation showed that while a majority of these genes had
mitochondrial ribosomal protein related function, some
anti-proliferative genes were present.2524-Pos Board B543
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Living systems maintain their physiological state under environmental changes
and isolated genetic mutations through feedback within highly connected net-works of genes, proteins, and other bio-molecules. Unfortunately, this robust-
ness also makes it difficult to correct defects such as hereditary diseases, as
evidenced by the surprising lack of efficacy of single target drugs that were de-
signed to act on specific molecular targets. Side-affects from medications are
another consequence of the connectivity in underlying networks. If accurate
models of gene networks were available, they could be used to compute how
effective therapies for diseases can be designed. Unfortunately, it is very diffi-
cult to construct sufficiently accurate models.
We propose to use ‘‘solution surfaces’’ of the gene network associated with
a biological process. In principle, they can be obtained by sequencing many
biologically perturbed mutants. However, studies of model networks and non-
linear electronic circuits show that the solutions surfaces are smooth; hence,
good approximations can be obtained from expression data of a handful of
mutants. Furthermore, as we show through several examples, biologically
relevant issues can be addressed in this approach. Specifically, we can compute
how the state of a gene network can be moved to a pre-specified state.
As an example, we have used the methodology to compute how the brain
transcriptome of Drosophila can be altered in order to move the animal to
a sleep-deprived like state. Experiments are being conducted to verify our
predictions.
Interestingly, this biologically motivated approach to study networks may have
applications in other disciplines; some examples will be discussed.
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Gene expression events happen stochastically because of the low number of
DNA, mRNA and protein in single cells. A theoretical model for central dogma
is needed to explain the variation of molecular number among cell population.
Most of the analytical models in literature assume that this stochastic gene ex-
pression occurs in a stable system. However, especially in single cell organ-
isms, gene expressions are often accompanied with rapid cell growth,
division and environmental fluctuations, which are more dynamic compared
to biomacromolecules synthesis and degradation. Based on this, we develop
a linear operator model that takes into account other types of stochastic events
besides gene expression. This model provides a theoretical explanation for how
cells maintain molecular concentration homeostasis during volume expansion
and molecule redistribution into daughter cells in the process of cell division.
Additionally, using this approach, we are able to distinguish protein concentra-
tion reductions caused by degradation, dilution and cell division, as well as
compare the effects from various types of extrinsic noise including difference
between individual cells and fluctuations in intracellular substrate level and ex-
tracellular environment. This dynamic model is confirmed by numerical simu-
lation and experimental observations.
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The last several years have seen an explosion in the quality and quantity of
genome-scale data. From metabolism to transcription and translation, the
‘‘-omics’’ revolution has given systems biologists the ability to develop in-
creasingly comprehensive models of biochemical reaction networks. But as
the size and scope of systems-level models has increased, it has become
more difficult to understand and communicate their behavior in an intuitive
manner. We believe that a robust set of tools designed to aid in the visualization
of systems-level models can offer a way forward in this regard. We will report
on recent advances in the development of several plugins for the popular Cyto-
scape network visualization software platform. These plugins are designed to
represent large constraint-based models in an immediately understandable
way. Several plugins are under development, including functionalities for im-
porting and updating hand-curated maps from the BiGG database, and mapping
flux distributions throughout reaction networks, but the centerpiece will be
a unique algorithmic approach to network lay-out that will create highly-
readable maps with little or no hand-curation necessary.
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The evolutionary fitness of an organism, a unitary concept, is defined as the
likelihood that the lineage of that organism survives. A priori, this fitness
